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PHASE OFFSET CALCULATION METHOD AND PHASE OFFSET CIRCUIT 



BACKGROUND OF THE INVENTION 



5 Field of the Invention 

The present invention relates to a phase offset 
calculation method for giving a signal a desired phase 
shift and a phase offset circuit. 



10 Description of the Related Art 

The ITU (International Telecommunication Union) is 
proceeding with the development of IMT2000, a global 
unified mobile communication standard. A W-CDMA (Wide 
band Code Division Multiple Access) system has been 

15 approved as one of the IMT2000-compliant standards. 

According to the IMT2000 technical specification 
(3G TS 25.214 Version 3.1.0 (1999-12) Technical 
specification p. 25 to p.32), a CDMA communication base 
station is obliged to have a function of executing 

20 closed-loop mode transmit diversity for every transmit 
channel . 

Closed loop mode transmit diversity for a physical 
channel (DPCH: Dedicated Physical Channel) is a 
technology of controlling the phase and amplitude of a 
25 transmission signal and sending the transmission signal 
based on a message included in feedback information ( FBI : 
Feedback Information) sent from a mobile station. 

Controlling the phase and amplitude of a 
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transmission signal is expected to have the effects that 
the mobile station side will be able to improve the level 
of a reception signal and clearly distinguish between 
interference signals from other mobile stations and the 
5 original reception signal. 

An IMT2 0 00-compliant W-CDMA communication system 
requires transmit phase 9 to be provided with at least 
8 types of phase shift (phase offset) . More specifically, 
transmit phase 9 needs to be provided with phase shifts 
10 (phase offsets) of +180°, -135°, -90% -45°, 0°, +45% 
+90° and +135° . 

Moreover, the IMT2000-compliant standard requires 
that the above-described transmit phase control be 
performed for every transmit channel, that is, for every 
15 mobile station in communication. 

When the amplitude and phaseofa transmission signal 
are controlled, it is a normal practice that phase control 
is performed after adjusting the signal amplitude by 
multiplying an amplitude adjustment coefficient. 
20 In this case, performing a calculation for amplitude 

adjustment will increase the number of bits of data, which 
will increase the burden on phase offset calculations. 

Furthermore, a QPSK ( Quadrature Phase Shift Keying ) 
signal consists of two signals orthogonal to each other 
25 (I signal and Q signal) and it is necessary to adjust 
the amplitude and phase for each signal. 

This will further increase the circuit scale of a 
control circuit for controlling the amplitude and phase 



(circuit for mapping signal points at desired coordinates 
on a phase plane). 

Furthermore, the IMT2000-compliant W-CDMA system 
requires phase control for every transmit channel, which 
increases the scale of an amplitude/phase control circuit 
(signal point mapping circuit) contrary to the demand 
for miniaturization of the apparatus. This also involves 
an increase in power consumption of the apparatus. 

Cellular phones are subject to stringent 
requirements for miniaturization and low power 
consumption, and the existence of such inconvenience 
poses a considerable problem in implementing cellular 
phones compliant with the new standard. 

The present invention has been implemented to solve 
such problems and it is one of objects of the present 
invention to reduce the scale of a circuit that controls 
the amplitude and phase of a signal and achieve low power 
consumption of the circuit as well. 

SUMMARY OF THE INVENTION 

When a phase shift is given to a signal, a phase 
offset circuit of the present invention gives a phase 
shift of a multiple of 90° first and then a phase shift 
smaller than 90°. The phase shift of a multiple of 90° 
is executed actually by changing the sign of a signed 
binary number. 

A mode of the phase offset circuit of the present 



invention focuses on the fact that a QPSK signal is made 
up of combinations of " + and "-1" (expressed by a signed 
binary number) and when phase offset 6 is a multiple of 
90°, the phase offset circuit only carries out inversion 
of data signs (that is , inversion between + and -) . This 
phase offset calculation by sign inversion is carried 
out on a QPSK signal before an amplitude adjustment 
calculation . 

Then , when phase offset 0 can be expressed by a total 
of multiples of 90° and values other than 90°, the phase 
offset of the remaining angle component after subtracting 
the 90° multiple component is realized through a phase 
offset calculation. 

This phase offset calculation is carried out by a 
phase offset calculator on the data after amplitude 
adjustment. Before carrying out an amplitude adjustment 
calculation, a phase shift of a multiple of 90° is realized 
by applying a sign inversion to the QPSK signal and then 
giving a phase shift of an angle (rotation angle) smaller 
than 90°. This two- stage configuration makes it possible 
to simplify the circuit and reduce power consumption of 
the circuit. 

In a mode of the phase offset circuit of the present 
invention, the circuit that gives a phase shift with a 
rotation angle smaller than 90° has a fixed phase offset 
function that gives a predetermined amount of a phase 
offset and determines whether or not to give a fixed phase 
offset to an input signal according to a control signal. 
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Using the phase offset circuit of the present 
invention makes it possible to easily construct a CDMA 
communication base station apparatus compliant with the 
IMT2000 standard. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects and features of the 
invention will appear more fully hereinafter from a 
10 consideration of the following description taken in 
connection with the accompanying drawing wherein one 
example is illustrated by way of example, in which; 

FIG.l is a block diagram showing a configuration 
example of a phase of f set circuit of the present invention ; 
15 FIG.2A is a block diagram showing a specific 

configuration example of the phase offset circuit of the 
present invention; 

FIG. 2B is a view illustrating an inversion operation 
of a sign inverter; 
20 FIG.3A is a view illustrating typical coordinate 

points on an IQ phase plane of a QPSK signal; 

FIG.3B is a view illustrating a method of giving 
a phase shift on the IQ phase plane of the QPSK signal; 

FIG.4A is a block diagram showing another 
25 configuration example of the phase shift circuit of the 
present invention; 

FIG.4B is a block diagram showing a configuration 
example of a conventional phase shift circuit without 
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using the present invention; 

FIG. 5 is a block diagram showing a configuration 
of a CDMA communication base station apparatus to which 
the present invention is applied; 
5 FIG.6A is a drawing showing a configuration of a 

downlink control channel sent from a mobile station; 

FIG.6B is a drawing showing a relationship between 
an amplitude adjustment weighting factor and amplitude 
value ; 

10 FIG.6C is a drawing showing a relationship between 

an amplitude adjustment weighting factor and a rotation 
phase ; 

FIG. 7 is a block diagram showing a specific 
configuration example of the phase calculator shown in 
15 FIG. 5; and 

FIG. 8 is a flow chart showing a transmit diversity 
procedure at the CDMA communication base station 
apparatus to which the present invention is applied. 

20 DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS 

(Embodiment 1) 

FIG.l is a block diagram showing a configuration 
2 5 example of aphaseoffset circuit of the present invention . 

Phase offset circuit 200 shown in FIG.l includes 
sign inverter 210 to give an input signal (signed binary 
data bit) a phase shift of a multiple of 90° and phase 



offset calculation circuit 220 to give a phase shift with 
an angle (rotation angle) smaller than 90°. 

For example, suppose an amount of offset of the phase 
of a QPSK signal is expressed by a sum of a multiple of 
90° and other value (rotation angle smaller than 90°). 

That is , suppose phase offset amount 0 is expressed 
by expression (1) below: 

6 = 90a + b (a=0, 1,2,3..., 0<b<90) (1) 

In this embodiment, phase offset processing of the 
component of a multiple of 90° of the amount of offset 
is realized by sign inversion first. 

That is, as shown in FIG.3A, a phase shift of a 
multiple of 90° can be realized by substituting "+" and 
"-" at coordinates of the respective points on the I axis 
and Q axis on the IQ phase plane. 

That is, in order to shift the phase of point A 
(coordinates (1,1)) in FIG.3A to point B (coordinates 
(1,-1)), the sign of the Q coordinate of point A may be 
changed from "+" to 

Likewise, in order to move point A (coordinates 
(1,1)) to point C (coordinates (-1, 1)), the sign of the 
I coordinate of point A may be changed from " + " to 

Likewise, in order to move point A (coordinates 
(1,1)) to point D (coordinates (-1, -1)), the signs of 
the I coordinate and Q coordinate of point A may be changed 
from " + " to Focused on this point, the circuit in 

FIG.l carries out signal processing of giving the input 
signal a phase shift of a multiple of 90° through sign 



inversion processing at sign inverter 210. 

Then, a phase shift calculation is performed on the 
remaining phase offset component obtained by subtracting 
the component of a multiple of 90° (phase shift smaller 
than 90°) by phase offset calculation circuit 220. 

For example, consider a case where point A is moved 
to point E as shown in FIG.3B. 

In this case, point A is moved to point C by a sign 
inversion (phase shift of -180°) and then a +45° phase 
shift is performed to move point C to point E. 

Thus, sign inverter 210 (90° multiple phase offset 
circuit) in FIG.l inverts the sign of the original data 
to give a phase offset of a multiple of 90° to the I signal 
and Q signal. 

Then, phase offset calculation circuit 220 performs 
a +45° phase shift calculation to move point C to point 
E shown in FIG.3B. 

According to such a method, for an amount of offset 
6 with different variable a and same b in expression (1) 
above, signal processing can be easily realized through 
a sign inversion and phase offset calculation with a common 
rotation angle (fixed offset calculation). 

Furthermore, for the remaining rotation angle after 
excluding the component of a multiple of 90°, a phase 
offset calculation is performed in the end, and therefore 
the amount of phase shift required is less than 90° , which 
results in a simple calculation. That is, signal 
processing can be realized only through an attenuating 



calculation, which simplifies the configuration of the 
circuit for phase shift calculations. 
(Embodiment 2) 

FIG.2A is a block diagram showing an example of a 
specific configuration of the phase offset circuit shown 
in FIG.1. 

Sign inverter 210 that calculates a phase shift of 
a multiple of 90° includes sign inversion matrix 212. 
This sign inversion matrix 212 carries out a sign inversion 
as shown in FIG.2B on a QPSK signal input to carry out 
a phase shift of a multiple of 90°. 

Furthermore, phase offset calculator 220 that 
carries out a phase shift with a rotation angle smaller 
than 90° includes phase shifters 222a and 222b that carry 
out a 45° phase shift and selectors 224a and 224b. 
Selector 224a and 224b select either a signal subjected 
to phase shift processing or a signal not subjected to 
phase shift processing. 

Operations of sign inversion matrix 212 and 
selectors 224a and 224b are controlled by a control signal 
given from the outside. 

The circuit in FIG.2A can easily execute various 
shift calculations as shown in FIG.3B. This will be 
explained in further detail in the following embodiments . 
(Embodiment 3) 

FIG.4A is a block diagram showing another example 
of a phase shift circuit. While the above-described 
embodiment only adjusts the phase of a signal, the phase 
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shift circuit of this embodiment adjusts both the phase 
and amplitude of a signal. 

Sign inverter 401 is given QPSK signals SCI and SCQ 
via signal input terminals 400a and 400b. Here, SCI is 
an in-phase component (I component) signal and SCQ is 
a quadrature component (Q component) signal. 

Sign inverter 401 realizes a phase shift with a 
rotation angle of a multiple of 90°. 

Sign inverter 401 outputs in-phase component SRI 
and quadrature component SRQ , which are phase offset 
calculation intermediate components, to amplitude 
multiplier 402. 

Amplitude multiplier 402 multiplies two signals SRI 
and SRQ by an amplitude coefficient and adjusts the signal 
amplitudes . 

Amplitude multiplier 402 outputs two signals AI and 
AQ whose amplitudes have been adjusted. 

Two signals AI and AQ are input to phase offset 
calculator 403 and phase offset calculator 403 carries 
out phase offset calculations with a rotation angle 
greater than 0° and smaller than 90° on AI and AQ. 

Phase offset calculator 403 outputs RI and RQ from 
output terminals 404. 

Thus, the phase offset apparatus of this embodiment 
has advantages that a phase offset of 0 whose component 
of a multiple of 90° is only different is realized by 
only changing processing in sign inverter 401 and other 
offset calculations can also be suppressed to a 
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calculation of 90° or less. 

FIG. 4B shows a configuration (conventional example ) 
in which a desired phase offset is given by phase offset 
calculator 40 7 alone without using the present invention . 

The content of phase offset processing using only 
phase offset calculator 407 is as follows: 

RI = AIcos 0 + AQsin0 , rq = AIcos 0 - AQsin0 ••• (2) 

where, AI and AQ are the input signals of the I 
component and Q component of QPSK, and RI and rq are the 
output signals. 

In the case where the calculation in expression ( 2 ) 
is executed using the configuration of the present 
invention shown in FIG.4A, the calculation expression 
to be executed by phase of f set calculator 4 03 is simplified 
as shown in expression (3): 

RI = (AI+AQ) COSO , RQ = ( AI-AQ ) COS 9 — (3) 

Furthermore, when phase offset 6 to be realized is 
a multiple of 45°, the calculation expression to be 
realized by phase offset calculator 403 is simplified 
as shown in expression (4): 

RI = AIcos, RQ = AQcos(9O-0) ••• (4) 
Thus, using the present invention can simplify an 
offset calculation and can thereby simplify the circuit 
configuration and reduce power consumption of the 
circuit . 
(Embodiment 4) 

FIG.5isablock diagram showing a main configuration 
of a CDMA base station apparatus according to Embodiment 



4 of the present invention. 

Base station apparatus 10 can realize closed-loop 
mode transmit diversity for every transmit channel. 

In FIG. 5, multiplexing circuit 20 multiplexes a 
dedicated physical control channel (DPCCH) and a 
dedicated physical data channel (DPDCH) . Spreading code 
multiplier 30 multiplies a spreading code. 

After the multiplication by the spreading code, the 
signal is divided into a signal for antenna 48 and a signal 
for antenna 49. 

Signal point mapping circuit 40 multiplies the 
respective divided signals by weighting factors (Wl, W2 ) 
and adjusts their phases and amplitudes. in this way, 
the signal points are mapped at desired coordinates of 
the IQ phase plane. 

These phases and amplitudes are adjusted by 
multiplying the respective antenna signals by weighting 
factors Wl and W2 output from transmit control section 
18. The weighting factors are multiplied using 
calculators 41 and 42. 

Transmit control section 18 includes FBI message 
analysis section 46 and weighting factor generator 45. 

As shown in FIG.6A, a downlink control channel sent 
from mobile stations (Rl to Rn) on the other end of 
communication includes data and control signals 
(including pilot signal, TFCI signal, FBI signal, TPC 
signal ) . 

FBI message analysis section 46 analyzes a message 



included in an FBI signal and gives the analysis result 
to weighting factor generator 45. 

Weighting factor generator 45 generates weighting 
factors Wl and W2 necessary to adjust the phase and 
amplitude of a transmission signal and supplies Wl and 
W2 to calculators 41 and 42, respectively. 

Transmit channel assembly circuits 4 3 and 4 4 in FIG . 5 
assemble transmit channels by adding pilot signals to 
the transmission signals of the respective antennas . The 
transmit channels are sent from antennas 48 and 49 via 
RF circuit 47. 

FIG. 7 is a block diagram showing an example of a 
specific configuration of phase offset calculator 41 (42) 
shown in FIG. 5. Phase offset calculators 41 and 42 have 
an identical configuration. The configuration of phase 
offset calculator 41 will be explained below. 

The transmission signal with a spreading code 
multiplied is split into I (In-phase) and Q (Quadrature 
phase) signals by splitter 50 (QPSK: Quadrature Phase 
Shift Keying) . 

In the figure, the I signal is described as SCI and 
the Q signal is described as SCQ. These SCI and SCQ signals 
are multiplied by weighting factor W2 and the phase and 
amplitude of the signal are adjusted. 

The phase is adjusted by sign inverter (90° multiple 
phase offset circuit) 60 and phase offset calculator 62. 
On the other hand, the amplitude is adjusted by amplitude 
adjuster 61. 
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A method of realizing a desired phase offset will 
be explained below- 
Weighting factor W2 includes a control bit to adjust 
the amplitude and a control bit to adjust the phase. 

As shown in FIG.6B, "0" and "1" of the control bits 
to adjust the amplitude mean magnifying the amplitude 
"0.2 times" and "0.8 times", respectively. 

As shown in FIG. 6C , it is possible to express 8 types 
of phase shift of +180°, -135°, -90°, -45°, 0°, +45°, 
+90° and +135° by combining "1" and "0" of the control 
bits (3 bits) to adjust the phase. 

What should be noted here is that all phase shifts 
can be expressed by combinations of phase shifts of 
multiples of 90° (including no phase shift) and phase 
shifts of +45°. 

That is, +180 = ( 180 + 0 ) , - 1 3 5 = ( - 1 8 0 + 4 5 ) , -90=(-90 + 0), 
-45=(-90+45 ) , 45=(0+45) / 90=(90+0) / +1 3 5= ( 9 0+4 5 ) . 
Therefore, it is possible to express all phase offsets 
by the presence or absence of phase offsets of multiples 
of 90° (or no phase offset) and phase offsets of +45° 
( FIG. 3A, FIG. 3B) . 

Furthermore, phase offsets of multiples of 90° can 
be realized by substituting "+" and of coordinates 

of the points on the I axis and Q axis of the IQ phase 
plane as shown in FIG.3A. 

That is, in order to shift the phase of point A 
(coordinates (1,1)) in FIG.3A to point B (coordinates 
(1,-1)), the sign of the Q coordinate of point A may be 



changed from "+" to 

Likewise, in order to move point A (coordinates 
(1,1)) to point C (coordinates (-1, 1)), the sign of the 
I coordinate of point A may be changed from " + " to 
Likewise, in order to move point A (coordinates (1,1)) 
to point D (coordinates (-1, -1)), the signs of the I 
coordinate and Q coordinate of point A may be changed 
from "+" to " -" . 

Focused on this point, the present invention 
realizes phase shifts of multiples of 90° by inverting 
the sign of data whose phase is to be shifted. 

Then, afteraphaseshiftof amultipleof 90° through 
sign inversion, a phase offset of +45° is calculated. 
For example, consider a case where point A is shifted 
to point E as shown in FIG.3B. In this case, point A is 
shifted to point C through a sign inversion (phase shift 
of -180°) and then a +45° phase shift is performed to 
shift point C to point E. 

Based on these considerations, in signal mapping 
circuit 4 0 in FIG. 7 , the sign inverter (90° multiple phase 
offset circuit) inverts the sign of the original data 
to give a phase offset of a multiple of 90° to the I signal 
and Q signal first. In FIG. 7, the I signal and Q signal 
provided with offsets of multiples of 90° are expressed 
as SRI and SRQ. 

Then, amplitude adjuster 61 adjusts the amplitude. 
The calculation for adjusting the amplitude is carried 
out by a calculation using 2's complement. Carrying out 
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a calculation of 2's complement increases the total number 
of bits of the signal. That is, the number of bits of 
signals AI and AQ whose amplitudes have been adjusted 
by amplitude adjuster 61 is greater than the number of 
5 bits of signals SRI and SRQ provided with offsets of 
multiples of 90°. 

Then, phase offset section 62 selects and controls 
whether or not to give a phase offset of +45°. 

Phase offset section 62 includes switches SWl and 
10 SW2, and 45° phase shifters 64 and 64. 

When a phase offset of +45° is given, switches SWl 
and SW2 are set to the a side and when there is no offset, 
switches SWl and SW2 are set to the b side. Since it is 
only necessary to provide a phase shifter with a fixed 
15 amount of phase shift and change whether or not to use 
the phase shifter by a control signal, the circuit 
configuration is simple and phase offset control is 
simplified . 

Multipliers 51 and 52 multiply the I and Q signals 
20 output from phase offset section 62 by carriers whose 
phase is shifted by 90°, and adder 53 combines these two 
signals into a transmission signal and the transmission 
signal is output from antenna 48 to the mobile station. 
The present invention inverts the sign of an original 
25 signal, gives a phase offset of a multiple of 90° and 
then turns ON/ OFF a phase offset of +45°. 

Attempting to carry out a phase shift on a signal 
after amplitude adjustment at a time instead of using 



this method will require 8 types of coefficient to be 
multiplied on the data whose number of bits has increased 
by amplitude adjustment (signal with a large bit width), 
which will complicate calculations and increase the 
circuit scale. 

This would increase the scale of an 
IMT2 000-compliant system in particular, which is obliged 
to adjust phase offsets for every transmit channel (for 
every mobile station on the other end of communication) 
constituting considerable burden in the aspect of power 
consumption . 

According to this embodiment, it is possible to give 
a desired phase offset only through simple data processing 
which is a signs inversion and switching of ON/OFF of 
a calculation of a fixed phase offset of +45° . Therefore, 
it is possible to map signal points with an extremely 
small circuit scale and also reduce power consumption 
drastically . 

FIG. 8 shows a transmit diversity procedure at the 
base station shown in FIG. 5 and FIG. 7. 

First, an FBI message sent from the other end of 
communication is analyzed (step 100). Then, weighting 
factors are generated based on the analysis result (step 
110 ) . 

Then, signs are inverted based on the weighting 
factors to provide phase offsets of multiples of 90° (step 
120). Then, the amplitude is adjusted based on the 
weighting factors (step 130). 
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Then, based on the weighting factors, a phase offset 
of the part excluding multiples of 90° is calculated (step 
140). Then, a transmit channel is assembled (step 150) 
and sent from the antenna (step 160). 

As explained above, the present invention can 
implement closed loop mode transmit diversity which is 
essential to an IMT2 0 0 0 -compl iant CDMA communication with 
a simplified configuration. 

Especially, the IMT2000 standard obliges a base 
station apparatus to be able to carry out transmit 
diversity for every transmit channel, and therefore the 
effect of the present invention of reducing the circuit 
scale is extremely large and the present invention is 
quite effective in meeting demands for low cost, high 
yield, low power consumption and high integration. 

That is, the present invention can realize phase 
offsets 9 of multiples of 90 ° only through sign inversion. 
Furthermore carrying out sign inversion processing before 
multiplying an amplitude coefficient allows signal 
processing to be performed in a stage in which the number 
of signal bits is still small. This makes it possible 
to reduce the circuit scale and power consumption. 

Furthermore, in the case where amount of phase shift 
0 is expressed by a sum of a multiple of 90° and other 
values, a sign inverter realizes a phase offset for the 
component of a multiple of 90° of 0 , while a phase offset 
calculation after a multiplication by an amplitude 
coefficient realizes a phase offset for the remaining 



component excluding the component of the multiple of 90° 
from 6 , which makes it possible to perform a phase offset 
calculation of the remaining component excluding the 
component of the multiple of 90° from 0 using one common 
5 circuit, which is advantageous in terms of design of an 
integrated circuit. 

This makes it possible to reduce the scale of a 
circuit that gives a signal a phase offset and reduce 
power consumption. 

10 The present invention is not limited to the above 

described embodiments, and various variations and 
modifications may be possible without departing from the 
scope of the present invention. 

This application is based on the Japanese Patent 

15 Application No . 2 00 0-3 83 7 8 1 filed on December 18, 2000, 
entire content of which is expressly incorporated by 
reference herein. 



